Background: We have evaluated the rationale of existing grading and staging schemes of
There has been recent discussion regarding the classification and staging of OSMF. 2, 3 Though no individual clinical variants of OSMF exist, several classification schemes have been described in the literature. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] In reality, existing classification schemes are essentially staging and grading systems of OSMF rather than being true classifications. The current schemes of OSMF stage and grade are based solely on a diagnosis of the predominant lesions instead of potential changes in the entire oral cavity. The simple subdivision of the severity of OSMF into different stages should perhaps not form the principal basis for classification.
The most important factors in managing OSMF are the functional and clinical staging of the disease with information on any malignant transformation. 19 Once the degree of severity of OSMF is established, histology guides appropriate patient management. 2 However, despite years of research, there is still no staging or grading scheme universally accepted and employed by clinicians, pathologists and surgeons. 2 Since the original proposal of the histological grading and clinical staging system by Pindborg et al. 8, 9 there has been a wealth of information published on both clinical and histopathological features of OSMF. Surely it is now time to rethink the way in which the OSMF patients are evaluated and classified.
The purpose of this paper is to evaluate the rationale of existing grading and staging schemes of oral submucous fibrosis (OSMF) based on which they are categorized. A novel classification, staging and grading scheme is proposed which takes into consideration independent functional and clinical findings, together with information on any malignant transformation of OSMF.
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MATERIALS ANS METHODS
Following Ethical Committee Approval from the institutional review board, the study was conducted in Shahapur of the Yadgir district, Hyderabad-Karnataka region, India. Written consent was obtained from all patients.
300 patients with clinically diagnosed OSMF were randomly recruited for the study. All those selected had a 'WHO performance status and comorbidity score' 20, 21 of either 0 or 1.
All OSMF patients recruited chewed gutkha (crushed areca nut, tobacco, catechu, paraffin wax, slaked lime and sweet or savoury fillings) or areca nut.
The study was conducted in three stages. Tables 1 and 2 . To ease the comparison, the subset features of stage 4a and 4b are considered together as a single group.
All patients were examined to record functional and clinical stage of OSMF and the results documented by one of the authors (GA). To assess the correlation between the staging and number of affected surfaces, we divided the oral mucosal surfaces into 6 sites: right and left buccal mucosa, tongue, lip, floor of mouth, and oropharynx. The affected surfaces were documented in each patient and tabulated.
Stage 2: From the 300 patients recruited to this study, those with bilateral buccal OSMF were listed separately and 50 patients were randomly selected. 3/50 patients could not be categorized on grading scores due to severe trismus, and therefore were not included, so a total of 47 patients were included in the analysis. All 47 patients underwent incisional biopsy
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of the most prominent buccal lesion and the disease was histologically graded by one of the authors (SH) using histopathological features proposed by Khanna and Andrade 19 ( Table 2 ).
The grades were documented and tabulated to discern a correlation between staging and histological grading.
Stage 3: 25 patients were randomly selected from the 47 patients with bilateral buccal OSMF included as above. All 25 patients underwent a further biopsy of the contra lateral OSMF buccal mucosa and were histologically graded by the same pathologist. All grades were tabulated to evaluate any differences with bilateral grading.
Statistical analysis
Nominal (categorical) data was analysed and assessed for agreement and correlation. The extent of agreement between categorized staging data was done using Cohens weighted Kappa analysis. McHugh's guidelines 22 were used to interpret kappa in the study. The correlation between staging (clinical and functional) and the number of affected surfaces was performed using Spearman's rank correlation coefficient. Cross tabulation was done on categorical grading data to understand inter-correlation and unweighted kappa analysis was used to assess bilateral grades agreement. Probabilities of less than 0.05 were considered significant. SPSS Statistics for Windows (version 25.0, IBM Corp, Armonk, USA) was used for data analysis.
RESULTS
The mean age of the 300 patients recruited to this study was 22.0 years (SD +/-8 years).
Stage 1:
All 300 patients recruited were assessed for the extent of OSMF. Agreement between functional and clinical staging was assessed using Cohens weighted Kappa. The correlation between staging (clinical and functional) and number of affected surfaces was assessed using Spearman's rank correlation coefficient.
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This article is protected by copyright. All rights reserved. Furthermore, existing classification schemes represent only the most prominent lesions instead of the potential changes in the rest of the oral cavity. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Since OSMF has no clear and definable borders, it may not be appropriate to use the predominant lesion to indicate the complexity of entire OSMF behaviour in the oral mucosa. Therefore, inclusion of the entire oral cavity in a holistic approach rather than solely an individual lesion seems reasonable.
DISCUSSION
We investigated the agreement between the three main elements of current staging (functional, clinical and histological) and histological grading with the aim of possibly using
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This article is protected by copyright. All rights reserved. Figure 1A) . In some instances, the additional trismus in OSMF might be because of impingement of the upper third molar on the coronoid process ( Figure   1B ). In such cases, removal of the third molar might significantly improve mouth opening.
The existing staging schemes seem not to consider trismus due to other factors and may lead to false staging. [13] [14] [15] [16] [17] [18] [19] In severe trismus, it is usually not possible to assess clinical stage due to difficulties with visualisation. Therefore, staging only based on functional components may not provide all the clinical details.
We found no significant correlation between stages and the number of mucosal surfaces affected, suggesting present staging systems do not take into account the number and severity of surfaces involved. After analysing the histopathology of 47 random patients with their clinical and functional stages, we found no agreement between clinical staging (k =0.167), functional staging (k = 0.152), and histological grade (weighted agreement less than 17%).
Since OSMF malignant transformation is known to be independent of stage and site in the affected oral cavity ( Figure 1C ), [23] [24] [25] [26] [27] grouping OSMF patients with malignant transformation in late stages may result in losing vital data with prognostic value. Hence the validity of any clinicopathological classification and its usefulness in treatment planning remains questionable.
For the first time to our knowledge, we analyzed bilateral buccal mucosa biopsies to further evaluate the uniformity of histological grade in multiple oral sites, finding grading agreement between bilateral biopsy sites was low (k =-0.478). This finding suggests there may be multiple grades of OSMF throughout the oral mucosa. Existing grading systems signify the status of only a prominent lesion chosen by the clinician. [14] [15] [16] [17] [18] [19] Malignant transformation in OSMF can occur anywhere in the oral cavity. 23, 25 Unlike oral SCC, OMFS can be diffuse and heterogeneous and be present at different anatomical mucosal surfaces and with different behaviours. 28, 29 It is difficult to conclude that the most prominent OSMF lesion represents the status of the entire oral cavity. 28 Thus histopathological grading only has a role in understanding the progress of OSMF, but its usefulness in monitoring disease progression and overall treatment planning remains uncertain. 29 Biopsy and histopathological grading are of course important in the diagnosis of suspected lesions.
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A systematic classification scheme which utilises all the clinical, functional and histological data independently might be helpful and practical for investigating the OSMF complexity. 2 A comprehensive staging system amassing all the data of the classification would also be beneficial to guide treatment plan.
We have developed a three component classification scheme (termed TFM classification) which independently assesses all three main OSMF components: trismus, fibrosis, and malignant transformation. The use of terms clinical and functional together to categorise OSMF seems inappropriate as trismus can also be a clinical feature. Hence trismus and fibrosis were used separately to indicate the severity of the disease. In the third component,
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we combined the suspicious clinical structural changes with histopathological features to aid in treatment planning.
This possible classification has the potential advantage of assessing trismus resulting from factors other than mucosal fibrosis, its incidence in edentulous mouth and when clinical assessment is not possible due to severe trismus.
The term fibrosis is used to indicate various fibrotic reactions involved in OSMF, such as submucosal fibrosis, mucosal scarring and muscular fibrosis. As the histopathological evaluation of all the involved oral surfaces is not possible for grading OSMF, we used the existing clinical parameters 19 which are indicative of the clinical severity of tissue fibrosis.
The malignant transformation component assesses the suspicious lesion itself, including possible dysplasia and considers when lesions cannot be assessed due to lack of accessibility and visibility. Including any dysplasia further allows categorising it as low and high risk lesion as recommended by the WHO (2017). 30 The TFM classification helps in systematic categorizing the information, recording data, proper communication, obtaining prognostic information and also to make it easy to understand the disease characteristics which can be easily applied by the trainees and clinicians.
Putting together all of our data from the classification, we have developed a three tier staging scheme (TFM staging) which allows for differentiation between medical, surgical and malignant disease therapy (Table 5) . For TFM staging, it is mandatory that the patient should at least have stage 1 fibrosis feature (F 1) and the patients with no clinical fibrosis (F 0 ) are not eligible for TFM staging. In cases where the assessment is not possible (F X , M X ), surgical evaluation under general anaesthesia is recommended before using any TFM staging is made.
Though the endoscopic examination of the oral cavity may aid in the evaluation of OSMF in
cases of sever trismus, surgical fibrotomy to open the mouth should always be considered best practice . 24, 30 Any suspicious lesions (M Q ) or associated potentially malignant disorders (M P ) should be subjected to histopathology before considering TFM staging.
CONCLUSION:
The complex properties of OSMF including multiple sites with diffuse borders, diverse clinical features, and associated trismus pose a clinicopathological challenge for a systematic classification and staging system. 2, 28, 29 The present study has found that the different components associated with the structural progression of OSMF are independent of each other and also the architectural alteration of tissue may not be consistent throughout the oral cavity. Thus with current staging classifications there is a potential risk of documenting incomplete information, repetition at different stages and incorrect disease interpretation. We suggest that the proposed classification scheme describes the disease severity of the independent components separately such that the significance of each is meaningfully conveyed to the clinician. The staging may also effectively predict the risk of potential malignant change. Further work is needed to evaluate and formally validate this proposed classification more fully.
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